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I . INTRODUCTION
During the present quarter special emphasis has been
given to the practical application of the stress analysis
techniques which have been developed. Previous efforts
have been directed toward the development of techniques
which would allow for the measurement of stresses in metallic
samples both through the bulk of material and near the sur-
faces. The techniques have been developed sufficiently
so that routine measurements can be made under laboratory
conditions with satisfactory accuracy and good repeatability.
The particular practical application which is under current
study is the measurement, of stress in flat plates which have
a butt weld joint. Previous studies have been made by other
investigators using strain gauges bonded to the surface of
the samples to be welded. The strain gauge method is limited
to measuring the net change in stress which occurs during
welding. The ultrasonic methods currently under investiga-
tion allow for an absolute measurement of stress both before
and after welding.
This report describes in detail the measurements which
are being made on welded plates and in addition summarizes
other studies under current investigation relating to the
measurement of fatigue damage in metals.
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II. STRESS ANALYSTS OF WELDED PLATES
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The original objective of measuring stress in welded
plates was to determine the absolute magnitude of stress1
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near the surface of the plates after welding. This limited
objective does not appear to give information which could
be compared to previous studies such as those where strain
gauges have been used. For th.'Ls reason the scope was ex-
tended to include a series of measurements on plates both
before and after welding to determine the net change in
stress. A series of samples was first exami-."Ied to determine
the range 
of 
magnitudes which would be observed. The first
welded plates were prepared from two pieces of aluminum
9 11 x 30 11
 and in several thicknesses ranging from 1/8 11
 to
1/2 11 . The resultant welded plate which was 18 01 x 30 11
 was
then cut to a size of 16 11 x 16". The length of the weld
being 16 11- and being in the cen'ter of the plate. Measure-
ments of residual stress were made on the unwelded 9 11 x
30 11 plates and on the welded, 16 111 x 16 11 plates. Although
no conclusions can be reached from a single series of
measurements on a given plate it appeared from averaging
data of various plates that there was a significant dif-
ference between the welded and the unwelded plates. Figure
1 shows the results of a c!eries of measurements made on
6 plates along the edge of the plate to be welded. Measure-
ments are made every 1 1/2 11 along the dimension of the plate
and are also taken in the central portion which is com-
parable to that portion that would remain after cutting the
plate to the 16 1,1 x 16 11 dimension. A direct value of stress
is not given but a measurement of one nanosecond corres-
ponds to a stress of approximately 1000 psi. The apparent
stress is relatively uniform across the entire plate. It
should be noted that none of the measurements are closer
than 7 1t to the end of the plate. Also given in the Figure
are comparable measurements which have been made along the
weld in a plate which has not only been welded but cut to
the 16 11" x 16 1" dimensions. Near both ends of the plate there
is a marked deviation from that found in the average un-
welded plate. Whereas, in the middle the apparent stress
is of the same magnitude.
Z/1",
There are two possible reasons that the stress has
deviated from that which was found in the unwelded plate.
The first of these is that the weld process changes the
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Figure 1. Stress Distribution Along a Weld as an Average
of Several Samples of 1/2" Thick Aluminum
Alloy 2014.
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stress and the second is that the cutting of the plate to
the smaller dimensions introduces a change in stress. In
order to investigate the effect of cutting the plate, a
series of measurements was made on an unwelded plate which
was 9 11 x 30 11 and 1/2 1t
 thick. The actual positions of
measurement are shown in Figure 2. Five positions were
selected across the 9 11 dimension immediately adjacent to
each side 
of 
a line whesre a saw cut was to be made. A
third series of five measurements were made approximately
511 removed from the place where the saw cut was to be made.
After the initial measurements were made, the plate was
sawed with a band saw similar to the one used on the pro-
posed welded series of plates. At each location as given
pictorially in the top oC the Figure the change in mag-
nitude of stress is noted. No significance is given to
whether or not the stress was either of a compressive or ten-
sile measure. On either side of the saw cut illustrated
by locations labeled A and B, it is noted that the apparent
stress varies both upward and downward by as much as 25
units corresponding to approximately 25,000 psi. For those
locations labeled C which are remote from the saw cut,
essentially no change was observed indicating the repeat-
ability of th-,2 measurements. In other words, the cutting of
a specimen can introduce major changes in stress as are
indicated by this series of measurements. It was therefore
desirable to alter the procedures if the major objective
was to study the effect of weldments rather than weldments
and saw cutting. For, the remainder of the program the plates
will be left in their original size, that is, 18 11 x 3011
after welding of two plates in order to minimize the effect
of the saw cut. Major attention will also be given to those
locations which are adjacent to the weld but removed, from
the edges of the plates where the original plate has been
cut. On a particular welded plate there will be 21 locations
on each side of the weld on each side of the plate result-
ing in a total of 84 locations to describe the stress dis-
tribution. An additional 8 measurements will be made at
locations corresponding to the start and finish of the
weld and adjacent to either side of the weld on both sides
of the plate. The total number of locations is therefore
92 per plate.
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Figure 2. Change in Residual Stress Due to Saw Cut in 1/20Y
Thick' in Aluminum Alloy 2014.
In order to determine the magnitude of stress near the
surface it is necessary first to determine the orientation
of stress within the plate. In order to accomplish this, it
is necessary to either assume an orientation or to make a
series of measurements which will reveal the oriontation of
stress. In an unwelded plate that has been prepared by roll-
ing it can ordinarily be assumed that the principal axes
of stress corresponds closely to the rectangular axes of the
plate. After welding this can no longer be assumed to be
true since the introduction oX- heat and the cooling process
could possibly produce a major change in stress orientation.
On each plate a minimum 
of 
12 locations have been selected
for which the orientat,,.on of the principal axes of stress
is being determined. The procedure is to measure the ultra-
sonic velocity for surface waves as a function of the orienta-
tion of wave propagation versus the rectangular axes of the
plate. In a. plate which is stress free the velocity of
propagation should remain constant, independent 
of 
the
orientation of wave propagation. If a stress exists, then
'the propagation velocity should be dependent on the orienta-
tion of wave propagation. A series of specific cases have
been selected to illustrate the findings of these measure-
ments. In Figure 3 a sample 1/2 1v
 thick of aluminum Alloy
2014 is given as an illustration. The orientation of the
graph corresponds to the rectangular coordinates of the
plate. The particular method of measurement is to determine
Chats frequency at which there is an even number of 1/2 wave
lengths between the sendiro and receiving transducers. The
spacing of the transducers is held constant for all measure-
ments. It is noted that a pattern is established similar
to a radiation pattern where the frequency at which an exactf
number o1/2 wave lengths varies with the orientation of
the wave propagation. In this particular plate along the
zero axis, an even number of 1/2 wave lengths is found at
a frequency of 7,056,000 cycles whereas at 90 0 from 'this
orientation ) an even number of 1/2 wave lengths is found at
a frequency of 7,044,000 cycles. This corresponds to a
change 
of 
approximately 12,000 cycles per second out of
approximately 7,000,000 cycles per second. The correspond-
ing change in velocity is in proportion to the change in fre-
quency which is noted as being approximately 0.2 of I per
cent. Previous measurements on this particular alloy would
4
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Figure 3. Variation of Velocity of Propagation of Ultrasonic
Surface Wave versus Orientation of Plates for 1/211
Thick Aluminum Alloy 2014.
allow for an absolute measurement of the stress which would
produce this change in velocity. 01 particular importance
is the orientation of the pattern rather than the fact that
it is possible to also determine the magnitide of the stress.
For this particular plate, it can be seen that the orienta-
Lion oaf the Pattern corresponds to the rectangular axes of
the plate so that a measurement of the velocity along the
two principal geometrical axes of the plate will result in
a determination of the stress. The pattern shown in this
figure is typical of those found in all p l ates of a similar
thickness and similar alloy.
In Figure4 a similar pattern is given for which the
orientation of the pattern is shifted approximately 200
 from
the rectangular axes of the plate. The magnitude of the
apparent stress is comparable to that shown in the previous
illustration and the symmetry of the pattern is comparable.
This particular plate is approximately 1/2 1,
 thick and of
the Alloy 2219. The history of this plate is different from
that of the 2014 Alloy, inasmuch as the plates were cold
rolled in a direction opposite to the original direction of
rolling. The surface of the plate clearly exhibited Louder
lines at an orientation which corresponds closely with the
axes 
of 
stress which is illustrated in the 'Figure. It
should be noted that the plates had been sub,.,'ected to a
polishing operation which removed major variations in the
thickness of the plate caused by Leuder Lines. Even after
removall or, the chan nr^ -._ S in th l'C"Kne s..' SeSs ) the S) t4"e­SG o rien-iMa-
tion was as illustrated. A third illustration is given in
Figure 5 showing the results obtained on a 1/8 1, thickness of
aluminum plate where the apparent magnitude off'
	 is
much reduced. The orientation is again along the rectangular
axes of the plate but the variation is but 2,000 cycles per
second out of 7 megacycles corresponding to an apparent stress
of approximately 1/6 of that shown fox; the thicker plates.
Again, the purpose of this type of zmr, %surewent is to deter-
mine the orientation of the principal axes of plates rather
17hrtn the absolute magnitude of the plates. In all cases,
the loca •.ion corresponds to the location at which an actual
stress measurement is made so that a second check of the
magnitude of the stress can be obtained.
41
Figure 4. Variation of Velocity of Propagation of Ultrasonic
Surface Wave Versus Orientation of Plates for 1/211
Thick Aluminum Alloy 2219.
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Figure 5. Variation of Velocity of Propagation of U].tra, nj.c;
Surface Wave Versus Orientation of Plates fw 1/8"
Thick Aluminum Alloy 2014.
A series 
of 
6 welded plates in each of two thicknesses
and of two different alloys have been studied to determine
the apparent residual stress before welding so that the net
change in stress can be determined. These measurements also
serve as a basis for determining the average apparent stress
in typical plates of these alloys. In order to illustrate
the variability of stress as found in a typical series of
plates before welding, the data is given graphically in
Figure 6 for the Alloy 2014. The average value is given
for the 6 plates at nine locations along the edge 
of 
the
plate to be welded. The maximum value observed and the
minimum value observed for each location is also given. It
can be seen that the range of values is considerable, whereas
the average found for all of these locations is rather con-
sistent. It should again be noted that these 9 locations
are selected remote from the end saw cuts of the plate.
During the lattex, part of this quarter a large number of
plates have been studied which have been welded biAt with no
previous history available. Although the results of these
measurements are available, the actual interpretation is
being held until the data is available on. those plates which
have been measured both before and after welding. At this
time, it appears as though consistent data can be taken by
two independent methods which determine not only the mag-
nitude but the orientation of stress. It has also been
shown that the cutting of the plate introduces stresses of
reasonable magnitude which are easily detected. The results
of any study of this type is subject to considerable vari-
ability due to the selection of sam p les which, in themselves,
there is variability. The number of samples which are studied
will greatly influence the accuracy and, therefore, the con-
clusions which may be reached. During the next quarterly
period, it is anticipated that sufficient information will
be available so that some conclusions may be reached.
111. MEASUREMENT OF FATIGUE DAMAGE
The study ofpossible measurements of fatigue damage
near the surface of aluminum plates has progressed suf-
ficiently so that a series of plates are currently under
Z/11"
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Figure 6. The Effective Stress Along the Edge of Unwelded
Plates Showing Consistency of the Average Value
but with Considerable Variability. Average Value
is Given for Six Plates of 1/2 1 " Thick Aluminum
Alloy 2014.
K
study. The plates are of the aluminum Alloy 2024 and
are in the form of a plate 4"w
 x 9" x 1/4 0r thick. The
plates are subjected to bending where the maximum stress
near the center of the plate is approximately 40,000 psi, and
the plate is cycled from zero stress to maximum once per
second. The selection of this stress level has been made
in order to obtain a reasonably rapid degradation of the
sample and yet produce typical fatigue damage rather than
an immediate fracture of the plate. Plates which have been
subjected to this type: of loading produce fractures typical
of those which are shown in text books illustrating fatigue
failure. Each plate is highly polished on the surface which
has been selected for study. The plate is also marked so
that a series of locations in the sample may be measured.
After preparation of the sample, initial measurements are
made which correspond to the electrical resistivity of the
surface of the material.
Previous reports have shown the equipment and the
basic method which is being used for these measurements.
The sample is placed on a cavity so that -the surface of
the sample forms one side of the cavity. The cavity is
then excited in its basic resonance mode and for frequencies
adjacent; to the basic resonant mode. The oscillator is
swept through these frequencies and the shape of the reso-
nance curve is plotted on an automatic recorder with
marker frequencies used to provide a calibration of the
swept frequency. A graphical plot of a typical measurement
is shown in 'Figure 7. Three different measurements have
been selected for study to determine the effective band
width of the cavity which corresponds to the loss of the
cavity. The width of the resonance curve at 0.7 magnitude,
at 0.5 madnitude and at 0.3 magnitude are determined. All
of these values are descriptive of the actual shape of the
resonance curve. Although the 0.7 value corresponding to
the 1/2 power points is normally used for describing the
losses in a resonant system, the other values are taken to
assure that a description of the entire curve is obtained.
It has been found that the 1/2 amplitude band-width is
more consistent than the 1/2 power band width since the
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Figure 7. Resonance Curve of Microwave Cavity Showing 0.7,
0.5 and 0.3 Amplitude Band Widths.
slope of the curve is not so severe. The 0.3 amplitude
band width is somewhat influenced by noise and is not
as reliable a measure, as the other two. The trend of all
three measurements correspond closely but at the present
time the 1/2 amplitude band width appears to be the most
repeatable. The cavity itself is constructed of brass
which has been highly polished and silver plated to minimize
losses due to the walls of the cavity, with the exceptionof that side of the cavity upon which the sample is placed.
The effective losses of the cavity include those losses
in the silver surface as well as that due to the sample
surface itself.
Fox each sample a measurement is made before sub-
jecting the sample to cyclical loading and then a series of
measurements are made approximately three hours apart during
the life of the sample. For the measurement, the sample is
removed from the fatigue apparatus and is replaced after
the measurements have been completed. The life of the
sample is approximately the same as those samples which
have been subjected to the same loading continuously.
During each series of measurements a standard sample which
is silver plated brass is also measured to determine the
repeatability of the measurements. For a particular sample
the absolute band width at the 1/2 amplitude points is
given in Figure 8. It can be seen that over the life of
the sample the band width increases from a value of .71
to .77. An increase in band width corresponds to an in-
crease In loss due to the sample. The particular measure-
ment is made directly over that part of the sample which is
subjected to a maximum stress. The change for this par-
ticular sample is almost 10 per cent with a constantly in-
creasing band width or loss during its period of loading.
At the present time, too few samples have been studied to
determine the significance of this data. The trend has
been established which shows that this type of measurement
provides an indication of the fatigue damage which has
occurred in the aluminum plate. During the next quarterly
period additional measurements will be obtained so that
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conclu r-ions may be reached as to the effectiveness of
this measure.
During the month of June approximately One Thousand
(1000) man hours were expended.
Respectfully submitted
Robert W. Sen-on
Principal Investigator
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